I
nfluenza pneumonia is essentially a localized disease process (1-3), with replicative infection being largely restricted to the murine respiratory epithelium due to the local expression of a serine protease required to cleave the viral hemagglutinin (4) . As such, the development and effector phases of the host response are much more effectively partitioned than in more systemic conditions like lymphocytic choriomeningitis, where there is extensive growth of the virus in the lymphoid tissue (5, 6) . This environmental segregation has greatly facilitated discrimination between the various phases of the CD8 ϩ T cell response to influenza viruses (1, (7) (8) (9) (10) . The availability of tetrameric complexes of MHC class I glycoprotein ϩ peptide (tetramers) has also enabled accurate, quantitative dissection of these Ag-specific CD8 ϩ T cells through the acute phase to the establishment of memory (11) (12) (13) (14) . The most intriguing situation is found for the D b NP 366 and D b PA 224 epitopes. Although both induce primary responses that are broadly comparable in magnitude, the extent of clonal expansion following secondary challenge is at least five times greater for D b NP 366 (10, 12) . Interestingly, a converse correlation has been shown for the quality of the response, with higher levels of both IFN-␥ and TNF-␣ production being associated with the D b PA 224 -specific set (12) .
Classically, both the clonal expansion and activation of CD8 ϩ T cells are thought to be related to IL-2 production by the CD4 ϩ subset (15, 16) . It is certainly the case that IL-2 Ϫ/Ϫ mice are severely impaired in their ability to control viral infections, probably due in large part to greatly reduced CD8 ϩ T cell responses (17) . Although the capacity to establish both optimal CD8 ϩ T cell memory and to mount an effective secondary response is diminished in CD4 ϩ T cell-deficient I-A bϪ/Ϫ mice (1, 5, 18 -20) , their primary virus-specific CD8 ϩ T cell responses are relatively normal (21) , suggesting the presence of an alternative source of IL-2. Responding CD8 ϩ T cells are known to make IL-2 (22, 23) , with one study suggesting that the CD8 ϩ IL-2 ϩ population can outnumber the CD4 ϩ IL-2 ϩ set throughout the course of an acute infection (6) . The present experiments investigate the patterns of IL-2 production by influenza-specific CD8 ϩ T cells, with particular emphasis on differences between the D b NP 366 -and D b PA 224 -specific responses for the CD8 ϩ sets recovered during the effector and resolution phases of the infectious process following primary or secondary respiratory challenge with the HKx31 (H3N2) influenza A virus. These analyses indicate a qualitative superiority for the D b PA 224 -specific set, which correlates with the avidity of the TCR-pMHC interaction. Analysis of IFN-␥, TNF-␣, and IL-2 production by peptide-stimulated, virus-specific CD8 ϩ T cells has also enabled us to verify and extend the observation of cytokine production hierarchies for both the D b NP 366 -and D b PA 224 -specific responses. The incorporation of multiple sample sites in the present analysis (both lymphoid and nonlymphoid) further establishes the importance of environment-related hierarchies in responsiveness. Finally, analysis of IL-2 production by CD8 ϩ T cells in the absence of CD4 ϩ T help indicates that there is a compensatory increase, which may be why CD4
ϩ T cell-deficient mice are more effective than IL-2 Ϫ/Ϫ mice when it comes to dealing with virus infections (17) (18) (19) 24) .
Materials and Methods

Mice and tissue sampling
The majority of the female C57BL/6J (B6, H-2 b ) mice used in this study were bred and analyzed in the animal facility of the Department of Microbiology and Immunology at the University of Melbourne. A few were also supplied by The Jackson Laboratory (Bar Harbor ME) and were used as the I-A bϩ/ϩ controls for the experiments performed with the female B6.I-A bϪ/Ϫ mice at St. Jude Children's Research Hospital (21) . Naive mice (6 -8 wk) were infected intranasally (i.n.) 3 with 1 ϫ 10 4 PFU of HKx31 influenza A virus, while those used to analyze the secondary response were first injected i.p. with 1.5 ϫ 10 7 PFU of the A/PR8/34 (PR8) influenza A virus at least 6 wk before the HKx31 challenge. The PR8 and HKx31 viruses differ in their surface hemagglutinin (H) and neuraminidase (N) glycoproteins (H1N1 and H3N2, respectively), but share the PR8 internal components (nucleoprotein (NP), NS1, NS2, M, polymerase acid (PA), PB1, PB2) (4, 25) . At the time of sampling, mice were anesthetized and exsanguinated by heart puncture, before organ perfusion with 10 U/ml heparin in PBS. Lymphocytes were obtained from the pneumonic lung (1) by bronchoalveolar lavage (BAL) and adherent cells were removed by incubating on plastic for 1 h at 37°C. Homogenized, collagenase-digested lung populations (10) from mice that had first been perfused and sampled by BAL were enriched for lymphocytes by separation on a Ficoll gradient (LSM; Cappel, MP Biomed, Irvine, CA). Single-cell preparations of spleen and mediastinal lymph nodes (MLN) were enriched for CD8 ϩ T cells (26) using mAbs to CD4 (GK1.5) and MHC class II (TIB 120) followed by anti-rat and anti-mouse Ig-coated magnetic beads (Dynal, Oslo, Norway) and subsequent magnetic depletion.
Stimulation and intracellular cytokine staining
Enriched lymphocyte populations from the spleen, MLN, BAL, and lung were incubated for 5 h in 96-well round-bottom plates at a concentration of 0.5-2 ϫ 10 6 cells/well in 200 l of complete RPMI 1640 medium (JRH Biosciences, Lenexa, KS) containing 10% FCS, 10 U/ml recombinant human IL-2, and 0.2 l GolgiPlug (BD Biosciences, Mountain View, CA) in the presence or absence of 1 M of the NP 366 -374 or PA 224 -233 peptides (11, 27) . The cells were then washed and surface FcRs were blocked using purified anti-mouse CD16/CD32 FcRIII/II receptor (2.4G2; BD PharMingen, San Diego, CA) before staining with anti-mouse CD8␣-PerCP-Cy5.5 (53-6.7; BD PharMingen) for 30 min on ice. After further washing, the cells were permeabilized by paraformaldehyde fixation, then stained with anti-IFN-␥-FITC (XMG1.2; BD PharMingen), anti-IL-2-PE (JES6-5H4; BD PharMingen), and anti-TNF-␣-allophycocyanin (MP6-XT22; BD PharMingen) using a BD Cytofix/Cytoperm kit (BD Biosciences) according to the manufacturer's instructions. The data were acquired on a BD Biosiences FACScan flow cytometer and analyzed using CellQuest software (BD Immunocytometry Systems, San Jose, CA). In each assay, the percent cytokine ϩ for cells incubated without peptide was subtracted from the percent cytokine ϩ incubated with peptide to yield the final value.
In vitro culture with peptide
Pooled splenocytes (3 ϫ 10 7 ) from five HKx31-infected naive mice were enriched for the CD8 ϩ set, then incubated for 6 days with syngeneic irradiated splenocytes (5 ϫ 10 7 ) prepulsed with 1 M or 1 nM of either the NP 366 or the PA 224 peptide. Cell aliquots were analyzed for the expression of CD8␣, IFN-␥, TNF-␣, and IL-2 by stimulation for 5 h with 1 M peptide either before, or following, in vitro culture.
Measurement of TCR avidity by tetramer dissociation
An established protocol (28) 13) for 1 h at room temperature, washed, and incubated at 37°C in medium containing anti-H-2D b (50 g/ml; BD PharMingen) to prevent tetramer rebinding. Cell aliquots were removed at different times into cold 1% BSA/ 0.02% NaN 2 , washed twice, and stained with anti-CD8␣-FITC (BD PharMingen) for 30 min on ice. After further washing, the cells were resuspended in 1% BSA/0.02% NaN 2 and analyzed for residual tetramer staining using a FACScan (BD Biosciences).
Measurement of CD8 coreceptor dependence
Enriched lymphocyte populations from the spleen and BAL of infected mice were precultured in the presence of 10 g/ml 53.5-8 anti-CD8␤ Ab (29) . Cells were then analyzed for the expression of CD8␣ and IFN-␥ as described after stimulation for 5 h with 1 M peptide in the presence of 5 g/ml anti-CD8␤ Ab.
Results
Epitope-specific CD8 ϩ T cell numbers and distribution profiles
Earlier experiments established that the frequency of CD8 ϩ IFN-␥ ϩ cells induced by peptide stimulation is broadly equivalent to the value determined by staining freshly isolated cell populations with the D b NP 366 and D b PA 224 tetramers (11) (12) (13) . As a consequence, kinetic analysis of the numbers of CD8 ϩ IFN-␥ ϩ cells in this study ( Fig. 1) showed profiles comparable to those found previously with the tetramers. Interestingly, the cell numbers for the BAL and lung tended to be fairly similar ( Fig. 1, C , D, G, and H). The cells obtained by BAL will either be in the alveolar space or readily detached from the respiratory epithelium by the infusion of saline via the trachea. The "lung" set is obtained (subsequent to BAL) by enzymatic digestion of the perfused organ.
The primary responses to D b NP 366 and D b PA 224 were comparable in magnitude (Fig. 1, A-D) , but the extent of clonal expansion following secondary challenge (10 -12, 18) was at least five times greater for D b NP 366 than for D b PA 224 ( Fig. 1 , E-H). These patterns were apparent in both lymphoid ( Fig. 1, A, B , E, and F) and nonlymphoid ( Fig. 1, C 
, D, G, and H) tissues. The decline in virus-specific CD8
ϩ T cell numbers following the peak response on day 8 (secondary, Fig. 1 , E-H) or day 10 (primary, Fig. 1 , A-D) was more apparent for the lung and BAL populations (Fig. 1, C, D,  G, and H) . This preferential lymphocyte loss from the respiratory tract may reflect either migration from the site of virus-induced pathology, or enhanced apoptotic editing as a consequence of greater stimulation via the clonotypic TCR (30) .
The IFN-␥ ϾTNF-␣ ϾIL-2 hierarchy
Previous experiments established a distinct hierarchy in profiles of IFN-␥ and TNF-␣ production when BAL or spleen CD8 ϩ T cells obtained within 21 days of virus challenge were stimulated in vitro with peptide (12) . In accord with previous results, nearly all T cells producing TNF-␣ were also positive for IFN-␥, although the reverse was not true (Fig. 2, A and C) . Similar subsetting is observed when this analysis is extended to IL-2, with the vast majority of IL-2 ϩ cells isolated from both the responding lymphoid tissue and the site of virus-induced pathology in the respiratory tract also producing IFN-␥ and TNF-␣ (Fig. 2, B and D, and data not shown). Furthermore, the results shown in population across the various time points. This suggests that the acquisition of the IL-2 phenotype by the TNF-␣ ϩ population may reflect a distinct cellular function rather than serving solely as a phenotypic marker of differentiation.
Cytokine expression profiles in lung vs BAL
The numbers of influenza-specific CD8 ϩ T cells retrieved from the BAL and lung samples were found to be broadly similar following secondary challenge, although the BAL counts were slightly decreased relative to the lung in the primary response (Fig. 1, C, D,  G, and H) . Interestingly, early in the infectious process the influenza-specific BAL population contained significantly more TNF-␣ ϩ cells (Fig. 3 , C and D days 8 and 10; K and L, day 6) and TNF-␣ ϩ IL-2 ϩ cells (Fig. 3 , G and H days 8 and 10; O and P, days 6 and 8) when compared with cells in the lung set. However, this difference was either not maintained or reversed later in the response (Fig. 3, C, G, D, H, K, O, L. and P, d22, d21 and d59) .
The cytokine expression profile for a particular CD8 ϩ T cell population is determined both by the relative numbers of epitopespecific CD8 ϩ T cells that can be induced to produce the protein in question (Figs. 1-3 ) and by the amount that is actually made, reflected by mean fluorescence intensity (MFI) of staining. The MFI patterns for IFN-␥, TNF-␣, and IL-2 were found to be largely similar in the primary and secondary responses, hence this analysis is shown only for CD8 ϩ T cells recovered at the peak of the secondary response (day 8, Fig. 4 , A, C, and E) and at the stage (day 21, Fig. 4, B, D, and F) where viral clearance is complete (14) and there has been some resolution in epitope-specific CD8 (Fig. 4, A, C, and E) . The relationship was maintained for TNF-␣ at day 21 (Fig. 4D ), but the MFI profile for IFN-␥ showed a reversal in this hierarchy (Fig. 4B) while no difference was found for the IL-2 MFI between lung and BAL at day 21 (Fig. 4F) . Thus, it appears that the early superiority of the BAL vs the lung response, as measured by the proportion of specific cells producing several cytokines, is supported by the MFI data which shows that these multiple cytokine producers also make larger amounts of protein.
This early peak in the quality of the CD8 ϩ T cell response in the BAL is in accord with the idea that extravasated lymphocytes that are free in the airway space, or loosely attached to the lung epithelium, are in closest proximity to infected APCs. The relatively rapid decrease in the quality of the BAL response following the acute phase also supports the notion that being subjected early to high Ag loads leads to later functional silencing or deletion.
The PA 224 Ͼ NP 366 cytokine hierarchy and correlation with TCR-epitope avidity
The present experiments (Figs. 3, A-D and I-L, and 4, A-D) reinforce the perception of a clear PA 224 Ͼ NP 366 hierarchy in the prevalence and quality of Ag-specific cells producing both IFN-␥ and TNF-␣ (12) and extend this generalization to the IL-2 ϩ IFN-␥ ϩ sets (Fig. 3, E ϩ T cells recovered from the spleen, MLN, lung, and BAL. The avidity of TCR binding was first measured for CD8 ϩ T cells from day 8 of the secondary response by determining the elution characteristic of bound tetramer (Fig. 5A) . The D b PA 224 tetramer was found to dissociate more slowly than the D b NP 366 tetramer over a 60-min interval, suggesting that the former is the higher avidity response. To corroborate this finding we used another measure of TCR avidity, CD8␤ coreceptor dependence, which is based on the observation that low-avidity cells require CD8␤ engagement for stimulation, while high-avidity cells appear relatively CD8␤ independent (29, (31) (32) (33) (34) . Peptide stimulation of influenza-specific CD8 ϩ T cells in the presence or absence of CD8␤ Ab blockade revealed that a significantly larger percentage of the PA 224 -specific, compared with the NP 366 -specific, response is comprised of high-avidity CD8 ϩ T cells (Fig. 5B) . The PA 224 Ͼ NP 366 hierarchy for induced cytokine production profiles (Figs. 2-4 ) thus correlates directly with these two measures of avidity (Fig. 5, A and B) for the TCR-epitope interaction. The relationship between avidity measurement and the increased prevalence of TNF-␣ ϩ IFN-␥ ϩ IL-2 ϩ cells was maintained across tissues, with comparable patterns being found for the spleen, MLN, lung, and BAL populations (Fig. 5A ). In addition, longitudinal analysis of spleen populations from secondarily challenged mice established that the profiles remain constant from the acute phase through to persistent memory (Figs. 3M and 6 ).
Dose-related consequences of long-term in vitro stimulation
The analysis so far indicates that freshly isolated CD8 (Figs. 5 and 6 ). Analysis with other experimental systems has shown that high-avidity CD8 ϩ T cells undergo apoptosis more readily than low-avidity populations following prolonged, in vitro exposure to high-dose peptide (32) . With this in mind, splenocytes from acutely infected mice were cultured for 6 days in the presence of high (1 M) or low (1 nM) concentrations of the NP 366 or PA 224 peptides (Fig. 7) . After culture for 6 days with a relatively low (1 nM) dose of the cognate peptide, we found a reduction in the percentage of IL-2 
D
b NP 366 -specific) population (Fig. 7, A, B , E, and F). This effect was accentuated following culture with the high (1 M) peptide dose, with the IL-2 ϩ subset being lost completely from the IFN-␥ ϩ D b PA 224 -specific set but still detectable at reduced prevalence in the IFN-␥ ϩ D b NP 366 -specific T cells (Fig. 7, I and J) . Evidence of such extensive Ag-induced editing was not observed for the TNF-␣-producing cells (Fig. 7, G, H, K, and L) , although a reduction in the percentage of TNF-␣ ϩ D b PA 224 ϩ at the high peptide dose could reflect the deletion of the IL-2 ϩ subset. Thus, prolonged, excess stimulation of the high-affinity D b PA 224 -specific T cells appears to result in selective deletion of the IL-2-producing set.
The capacity to make IL-2 may thus be considered a measure of maximum functional avidity for a particular TCR-epitope interaction. Not surprisingly, the fact that the D b PA 224 Ͼ D b NP 366 hierarchy for TNF-␣ and IL-2 expression is reversed following longterm in vitro stimulation with peptide (Fig. 7, E-L) suggests that this intensity and duration of T cell stimulation is not generally achieved in the in vivo situation. However, the differences for the short (5 h)-and long (6 days)-term activation profiles (Fig. 7) seem to suggest that the patterns of T cell survival in different anatomical sites may be influenced by Ag dose-related apoptotic editing.
Cytokine responses in the absence of the CD4
ϩ subset
The study so far has demonstrated that IL-2 production by virusspecific CD8 ϩ T cells is tightly regulated, with only a small proportion of relatively highly differentiated cells capable of producing IL-2. To date, CD4 ϩ T cells have largely been considered the crucial source of IL-2 during virus infection, with the role of CD8 ϩ T cell-derived IL-2 remaining relatively unclear. In this study, we have investigated whether CD8 ϩ T cells exhibit differential IL-2 production in the presence or absence of CD4 ϩ T cells. This will provide some insight into whether CD8 ϩ T cells have the capacity to contribute to the well-established IL-2 requirement imposed during an antiviral immune response. The prevalence of cytokine-producing CD8 ϩ T cells in CD4 ϩ T cell-deficient I-A bϪ/Ϫ mice, assayed on day 10 after primary infection with the HKx31 virus followed the characteristic IFN-␥ Ͼ TNF-␣ Ͼ IL-2 and D b PA 224 Ͼ D b NP 366 hierarchies (Fig. 8) . Interestingly, the numbers of influenza-specific cells (measured by IFN-␥ production) were significantly higher in the spleen (but not the BAL) of the I-A bϪ/Ϫ mice vs the I-A bϩ/ϩ controls (Fig. 8, A and D) . The same relationship was seen for the IL-2 ϩ IFN-␥ ϩ sets (Fig. 8, C  and F) , although this differential was not seen for the percentage of TNF-␣ ϩ populations (Fig. 8, B and E) . These patterns were further reinforced by the fact that the IL-2 MFI profiles showed a small, yet significant, difference for CD8 ϩ T cells recovered from the spleens and BAL of I-A bϪ/Ϫ and I-A bϩ/ϩ mice (Fig. 8, H and J) , while no difference was found for the TNF-␣ MFI values (Fig. 8,  G and I) . Thus, splenic CD8 ϩ T cells appear to compensate for the absence of CD4 ϩ T help by increasing the frequency and the amount of IL-2 production. This was less apparent for the BAL of I-A bϪ/Ϫ mice, where the possibility of any direct or indirect interaction between CD4 ϩ and CD8 ϩ T cells is likely to be minimal (Fig. 8F) .
Discussion
The present analysis shows quite clearly that the induced cytokine production profiles differ for CD8 ϩ T cell populations recovered by BAL or by enzymatic dissociation of the influenza-virus-infected lung. The BAL Ͼ lung hierarchy for TNF-␣ and IL-2 expression measured by MFI is also seen for the percentage of IFN-␥ ϩ TNF-␣ ϩ and percentage of IFN-␥ ϩ TNF-␣ ϩ IL-2 ϩ in the initial and/or acute phases of both primary and secondary responses. The fact that the BAL and lung populations behave differently presumably reflects the distribution of antigenic epitopes in the infected respiratory tract. The CD8 ϩ T cells that are recovered by BAL are likely to interact with the luminal surface of the virus-infected alveolar epithelium while the lymphocytes in the lung parenchyma may have less exposure to high levels of Ag. With the lung population, we made no attempt to discriminate between cells that might be in the bronchus-associated lymphoid tissue (BALT) vs the somatic tissue. The BALT component is minimal in the primary response of naive, specific pathogen-free B6 mice, but may be more significant following secondary challenge (35) .
This study establishes clear, reproducible, and sustained hierarchies in cytokine expression profiles for influenza virus-specific CD8 ϩ T cells. To produce TNF-␣, cells must also make IFN-␥, while IL-2 production requires that the molecular pathways for both IFN-␥ and TNF-␣ synthesis are also established. Hierarchical organization of cytokine responses has been described previously (IFN-␥ Ͼ TNF-␣, IFN-␥ Ͼ IL-2) in virus-specific T cell populations (6, 12, 36) . As in the present study, IFN-␥ Ͼ IL-2 patterns have been observed following in vitro stimulation of lymphocytic choriomeningitis virus-specific CD8
ϩ T cells (6) and clonal CD4 ϩ T cell populations (36) . Furthermore, lymphocytic choriomeningitis virus-specific CD4 ϩ T cells producing both IFN-␥ and IL-2 showed greater TCR down-modulation than those producing IFN-␥ alone, consistent with a higher activation state (6) . Additional support for the notion that IL-2 production requires enhanced TCR signal strength comes from a study where it was observed that production of IL-2 by CD4 ϩ T cells required longterm, stable interactions between the T cells and dendritic cells (37) .
The apparent requirement for increased TCR-determined signal strength to achieve IL-2 production would explain the greater prevalence of the IL-2 ϩ set in the BAL population recovered during the acute, Ag-driven phase of the host response. The relatively early loss of IL-2 ϩ cells from the BAL population, along with the selective deletion of IL-2 ϩ cells specific for D b PA 224 following in vitro stimulation with high-dose peptide, also suggests that the IL-2 producers are more sensitive to high Ag load. Thus, cytokine expression profiles may provide a measure of the differentiation state of CD8 ϩ T cells, with the most differentiated IFN-␥ ϩ TNF-␣ ϩ IL-2 ϩ population being more sensitive to Ag-driven apoptosis. Cytokine profiles have also been shown to vary as a function of division number (38, 39) , with IL-2 expression being characteristic of the early rounds of cycling in a way that is apparently independent of lymphocyte replication. However, if we assume that signal strength is a key factor in the production of IL-2, then it is possible that the use of TCR-transgenic T cells or stimulation with anti-CD3⑀ in these studies (38, 39) may have provided an abnormally strong signal for the induction of "early" IL-2 production. An alternative proposal is that there may be differential loss of the IL-2 Ϫ population. The clonal progeny of the early dividing IL-2 ϩ cells would then become increasingly dominant in the evolving response and make an asymmetric contribution to the establishment of memory. Although our understanding of differential proliferation and survival patterns for dividing CD8
ϩ T cell populations in vivo is rudimentary, the profile of increased IL-2 production in the b NP 366 -specific) IL-2 producers following prolonged in vitro stimulation with peptide can be considered a consequence of greater apoptotic editing associated with the higher avidity TCR-epitope interaction (32, 40) .
Despite observing TCR avidity differences between the D b NP 366 -and D b PA 224 -specific CD8 ϩ T cell populations using tetramer dissociation and CD8␤ blocking techniques, we were unable to detect any change in the threshold of responsiveness, or "functional avidity" (29) , as determined by analysis of cytokine production at diminishing peptide doses (data not shown). Thus, an apparent discrepancy exists between the TCR-pMHC avidity data and the threshold of T cell activation for the D b NP 366 -and D b PA 224 -specific CD8 ϩ T cells. We propose that, although the inherent avidity of the D b NP 366 -specific TCR-pMHC interaction may be lower than that for the D b PA 224 -specific set, compensatory mechanisms, such as localization of signal transduction components to the TCR-CD3 complex (29) and organization of TCR and/or accessory molecules within lipid rafts (41, 42) , may lead to the threshold of responsiveness for the D b NP 366 -and D b PA 224 -specific T cell populations being essentially comparable. Indeed, the greater dependence of the D b NP 366 -specific population on CD8␤ to achieve stimulation, as demonstrated in this study, suggests that localization of CD8␤ to the synapse may well be one such mechanism employed by the NP 366 -specific population. If this is true, functional avidity (29) must be considered a property of the totality of interactions comprising the immune "synapse" rather than a measure of differential affinities determined by the individual, clonotypic TCRs.
In conclusion, it seems that these cytokine response profiles for virus-specific CD8 ϩ T cells reflect the operation of several independent hierarchies. First, the magnitude of Ag experience, as determined by anatomical location, establishes a characteristic spectrum of cytokine production following the standard 5-h in vitro stimulation with peptide. Second, differential patterns of cytokine expression are associated with the relative avidities of the TCR-D b NP 366 and TCR-D b PA 224 interactions. These remain constant for T cells that are localized to the spleen, the regional lymph node, the lung parenchyma, or the lung epithelium/alveolar space. Finally, the hierarchical nature of cytokine production (IFN-␥ Ͼ TNF-␣ Ͼ IL-2), combined with the unique propensity of the IL-2 ϩ population to undergo apoptosis under conditions of high Ag dose, suggest that the IL-2 ϩ population represents the most differentiated CD8 ϩ T cell phenotype, both in the acute response and in long-term memory.
